Drought is a worldwide phenomenon and is a major production constraint, reducing crop yields. 
Introduction
Drought is a worldwide phenomenon and is a major production constraint, reducing crop yields. the extent of climate change over the next 20 years and its impact are difficult to predict but it is essential to put research in place now that will be needed in the longer term. current trends suggest not only a long-term increase in mean temperatures but also higher frequencies of extreme events such as flooding or drought. Many studies regarding climate changes and their foreseen influence on agriculture and other domains of the economy have been published recently at international level. According to the report of the iPcc working group ii, globally, an average temperature increase of 4.3 to 6.3 0 c is expected until 2100, as well as an increase of extreme meteorological phenomena (storms, heat waves, drought, floods), spatial and temporal differences being obvious both at global and regional levels (17) . the mean air temperatures in Bulgaria will increase by 4.5 0 С in the next 25 years (23) . Moreover, the rising costs of irrigation and the problems of management, cost recovery, and the maintenance of existing systems limit the further expansion of irrigation. Such events will impose demands for crops with improved resistance to drought and diseases. Some of the recommendations of the draft Bulgarian climate change action plan include: development of winter crops that can develop winter hardiness at higher winter temperatures, development of crops with improved drought tolerance especially at stages of fertilisation and grain filling, and development of crops that can grow at higher carbon dioxide concentrations.
Maize is now the third most important source of calories for humankind after rice and wheat. Due to the growing demand for dairy and meat products in developing countries and the decline in rice production in china and india, maize has been projected to become the most important crop by 2030 (21) . Most of the total world maize area of 150 million ha is grown under rainfed conditions, and maize is more susceptible to drought than all other cereals except rice. the unpredictability of drought, geographically and across seasons, has emphasized the importance of drought tolerance as a maize breeding objective (2) . in this paper we will review the present status and achievements of both conventional breeding and qtl/MAS approaches towards improvement of maize yield in droughtprone environments and will briefly describe a QTL approach that will be applied in the frame of the nSFB funded project Do02-105 "centre for sustainable development of plant and animal genomics".
Achievements of conventional breeding for drought tolerance in maize
Selection for yield and yield stability has been at the core of most maize breeding programs. The significant breeding gains in temperate maize under drought stress is mainly attributed to the use of rainfed breeding nurseries with high plant densities and large scale multi-location testing (2) . the newer hybrids, selected in the last decade, perform better under stress than older ones due to involvement of parental lines selected to tolerate higher planting densities (25) . it is well established that plant water and nutrients deficit occurs more readily at high rather than in low planting densities. therefore, the adaptation to high plant density involves drought stress tolerance in cases when
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soil moisture is limited. Multi-environment trials, conducted at >100 to >1000 locations, exposed new hybrids frequently to drought conditions, and selection for yield stability applied consistent selection pressure on drought tolerance related traits (2). compared to hybrids from previous decades, recent and more drought tolerant hybrids showed shorter Anthesissilking interval (ASi) under drought, increased leaf longevity and more erect leaves; also decreased apical dominance as tassel size decreased and an increased grain sink size through decreased plant-to-plant variability and fewer barren plants (5) . changes in constitutive traits, such as plant phenology, are also involved in the distinct responses to limited resources. Drought susceptibility of older hybrids was also associated with faster water extraction in the upper soil layers (5).
Using trials exposed to different weather conditions in different years, Duvick et al. (7) estimated the rate of breeding progress under mild drought to be 0.85% year -1 for hybrids released between 1930 and 1990, and slightly less than under optimal conditions. improvement in the drought breeding methodology by using more severe drought stressed conditions imposed at different stages of development, led to increase of breeding progress under flowering drought to about 2.0-2.5% year -1 as compared to plants under unstressed conditions (5) . inclusion of managed drought screening at early breeding stage, careful and uniform management of timing and intensity of drought stress during selection, and use of secondary traits in addition to grain yield, resulted more recently, in significant larger selection gains under random stress conditions than those expressed by equivalent genotypes selected through multilocation testing. the average differences between hybrids selected under managed drought stress conditions and conventionally selected hybrids were 19% at average grain yields of 3 t ha -1 (3).
Despite the shorter breeding history, yield gains of 3.8% to 6.3% year -1 under drought and slightly less under well-watered conditions were reported for tropical maize, and those were mainly associated with increased flowering synchronization, fewer barren plants, a smaller tassel size, a greater harvest index, delayed leaf senescence and, in one population, a reduced root density in the upper soil profile, but no changes in water uptake or biomass were observed (2).
hammer et al. (9) used a crop model framework to evaluate the potential contributions of component traits to the longterm genetic gain of corn yields in the US corn-belt. the study revealed that the historical corn yield trend and its association with higher plant density was more likely related to change in root system architecture than to change in leaf erectness. Results from simulations conducted for hypothetical hybrids that varied in root system characteristics were found to be consistent with a set of field experiments that reported yield response to density for hybrids released over the past 20 years.
QTL mapping and Marker assisted selection (MAS)
First attempts to apply qtl analysis to obtain genetic insights into the drought tolerance response in maize were reported by lebreton et al. (14) . Since then, number of qtl regulating important morphophysiological traits and grain yield in water limited conditions have been identified in maize. An updated compilation of mapped qtl and major genes associated with abiotic stress tolerance including drought in maize and other plants is available at http://www.plantstress.com/biotech/ index.asp?Flag=1 . Khavkin and coe (12) hypothesized that many apparent qtl of major effect in maize are in fact clusters of genes (e.g., homeotic genes and other genes encoding for transcription factors), regulating development and that many plant reactions to abiotic stresses rely on such gene clusters. Drought tolerance qtls studies in maize and other crops, and the strategies for their use in marker assisted selection (MAS) in breeding programs have been extensively discussed in several comprehensive and recent reviews (1, 6, 8, 18, 27, 28) .
While the genetic dissection of performance in droughtprone environments has greatly benefited from the use of DNA markers (11, 16, 24, 28) , up to now few applications have emerged in practical maize breeding programs. Reasons include the complex genetic basis and influence of genetic background, developmental stage and environment on qtl effects (29) , inadequate phenotyping, time and cost considerations in fine mapping qtls, and gene-by-gene effects (5) . other major problem is that in many of the previous drought qtl studies, there has been a tendency to examine crosses between lines that were not agronomically elite (landraces or exotic materials) and/or did not exhibit extreme differences in yield under stress. QTL are often germplasm-specific and the costs for applying MAS for many qtl of small effect may be greater than those of conventional cross-breeding (31) .
MAS for drought-related traits based on genetic mapping information should preferably target "major'' qtl with a considerable effect, consistent across germplasm and with a limited interaction with the profile of water availability. In maize, however, QTL studies in the past have not identified any QTL with sufficiently large effects to be effectively used in MAS programs (31) . Recently a conceptual framework for molecular breeding towards drought tolerance based on the Passioura equation of expressing yield as the product of water use (WU), water use efficiency (WUE) and harvest index (HI) was proposed (20) . its implementation in qtl and -omics studies will greatly improve the uniformity of the information provided for each qtl experiment and will facilitate detection of qtls that are stable across multiple populations and environments by using software tools like cMtV (22) and Metaqtl (http://www.bioinformatics.org/mqtl/wiki/Main/ homePage).
two approaches are commonly applied for detecting quantitative trait loci (qtls), -linkage mapping and association mapping -but both have limitations, such as the low resolution of linkage mapping and the low power of association mapping for detecting rare alleles. McMullen et al. (15) combined the advantages of both approaches by devising a nested association mapping (nAM) approach. they derived the nAM resource by crossing a common reference maize strain with 25 diverse lines to maximize the allelic diversity captured by nAM, and this process produced 5000 recombinant inbred lines (Rils). in a second paper Buckler et al. (4) used the nAM resource to study the genetic variation in flowering time. The authors concluded that differences in flowering time are caused by the cumulative effects of many small-effect qtls, with few epistatic or environmental effects and with no single qtl explaining a variation greater than 2 days. the nAM resource is expected to be an important genetic tool that will allow precise high resolution mapping and dissection of maize qtls. however, it also has its limitations. the parent strains will need to be sequenced and their genetic polymorphisms will need to be projected onto the nAM lines, and precise phenotyping of 5000 Rils for drought tolerance related traits is not an easy task.
Most of the previous drought tolerance qtl studies explored the natural variation existing in maize and many of them used one parent that has no breeding value to maximize the phenotype variation for the trait of interest, thus limiting the utility of the detected qtls in the MAS breeding programs. to overcome some of these disadvantages, the qtl approach taken in the frame of nSFB funded project Do02-105 "centre for sustainable development of plant and animal genomics" will explore the genetic variation generated by chemical mutagenesis (13) in an elite breeding line. For this purpose we have generated a Dh Ril population from a cross between a parental line that was extensively used in the US corn belt breeding programs in the past, and a mutant parental line. The later was developed from the first parental line by chemical mutagenesis treatment of dry seeds to induce variation, followed recurrent reciprocal breeding. compared to the initial elite inbred, the mutant line showed significantly higher yield stability under very variable (especially with respect to water availability) environmental conditions in Bulgaria. Particularly, high yield potential under combined low n and water stress conditions and great yield plasticity at different population densities was shown. in the frame of the project the Dh population consisting of 190 Rils will be genotyped using SSR. When necessary other DnA markers and phenotypes in multiple environments with varying water regime, including several environments with managed drought stress at flowering and grain filling stages, will be studied. As evidence is accumulated on the crucial importance of root characteristics for drought tolerance in maize (10, 19, 26, 30) , in a separate experiments root traits of the same population will be measured in laboratory hydroponics condition to evaluate the importance of root trait QTL for the field drought tolerance of this particular population.
